Abstract: Cylindrical Fe-6.5wt.% Si bars with 7.5 mm in diameter were successfully fabricated from 11 as cast ingot through three rolling stages within 10 passes: rough rolling at 850-900 °C and 8-10 18 ordered phase were suppressed, and B2 ordered domains were refined after the hot bar rolling.
Introduction 25
Fe-6.5wt.% Si alloy has excellent soft magnetic properties such as high electrical resistance, high 26 relative permeability, nearly zero magnetostriction, low coercive force, and low iron loss, which 27 make this alloy promising in high frequency fields, such as transformers, power generators and 28 electric relay [1, 2] . However, it is very brittle at room temperature because of ordered structures 29 such as B2 (Pm3m) and DO3 (Fm3m) forming in this alloy [3, 4] [13] . Moreover, a hot-warm-cold rolling method combined with proper heat treatments was 33 reported to fabricate the sheets of thickness 0.03-0.05 mm [14] [15] [16] .
34
Recent patents [17] revealed that transformers can be constructed by coiling silicon steel wires 35 on a copper conductor. This suggests that the high silicon steel wires with outstanding soft magnetic 36 properties can be a good choice for industry application. Previously, Fe-6.5wt.% Si wires with 37 diameter of 1.6 mm were prepared through die forging, hot rotary swaging, and hot drawing 38 process [18] . However, the coarse and inhomogeneous grains, and the poor surface quality of the 39 rotary swaging bars result in the low productivity of wires. This hinders the production of the 40 Fe-6.5wt.% Si wires. These problems mentioned above can be solved by bar rolling [19] . In fact,
41
rolling is an efficient way to produce bars and wires from as cast ingots. Because the Fe-6.5wt.% Si Fe-6.5wt.% Si sheets. However, there are few reports on bar rolling. The bar rolling technology 47 differs greatly from the sheet rolling technology in temperature, rolling force and rolling torque.
48
Hence, it is also necessary to investigate the texture evolution during hot bar rolling.
49
In this paper, a series appropriate parameters for hot bar rolling the Fe-6.5wt.% Si alloy were 50 determined. The evolution of microstructure, texture and ordered structure were investigated, and 51 the mechanical property of the Fe-6.5wt.% Si bars was studied to obtain the excellent mechanical 52 property to improve the drawing efficiency of the Fe-6.5wt.% Si wires. 
63

90
The rolling temperature depends on the high-temperature mechanical property of the Fe-6.5wt.%
91
Si alloy. The rolling pass can be calculated, according to the shape and size of the forging and the 
Rolling groove and deformation ratio
96
The rolling grooves are determined by the deformation ratio and the flow stress. The hot bar 97 rolling parameters including rolling pass, groove system, and deformation ratio are listed in Table 2 .
98
The hexagon-square-oval-square sequence was used as the rough rolling stage to obtain rapid 99 reduction of sectional area. According to our previous study [26] , a 50%-deformation was chosen in 100 order to obtain stable and secure microstructure transformation, and improve the workability. The 101 oval-square-oval-round sequence and the medium deformation ratio of 30% were designed as the 102 medium rolling parameters to improve surface quality. The oval-round sequence and the
103
15%-deformation were used to achieve exact dimensions during the finish rolling.
104 Table 2 . Chemical composition of Fe-6.5wt.% Si alloy (wt.%). 
105
Rolling stage Pass Groove Area (mm 2 ) Elongation coefficient Deformation ratio
- 0 Square - S0=576.0 - -
154
and η oriented grains were 15.7%, 22.8% and 17.7%, respectively, as shown in Figure 8a .
155
After the medium rolling (the 8th pass), the most striking feature of the texture was that γ fiber area fractions of these textures were 14.5%, 12.7%, 9.2% and 7.5% in sequence.
164
According to the cubic crystal symmetry and the nearly orthotropic symmetry of the hot bar 165 rolling specimens, α fiber, γ fiber, and η fiber are the most relevant deformation textures for bcc 166 metals during hot rolling [28, 29] . In addition, slip occurs along <111>-type directions within the
167
{110} planes during deformation, and the grain orientation evolves the {100}<011> orientation.
168
Finally, the {100}<011> orientation of the grains rotates to the {112}<110> orientation [29] . Hence, the 169 fractions of the {100}<011> component decreases, and that of the {112}<110> component increases.
170
The high rolling temperature and low deformation ratio results in the full recrystallization and the 
220
However, due to the high temperature during the deformation, the dislocations cross slip and climb
221
easily for high stacking fault energy materials such as the Fe-6.5wt.% Si alloy, which can reduce the 222 dislocation density, namely, the dynamic recovery occurs. All of these lead to the dynamic softening
223
offsets the work hardening [36] . Hence, the stress remains stable during the tension at 700-800 °C.
224
The yield stress of the rotary swaged and hot rolled bars were similar, with the values of 130
225
MPa (at 700 °C) and 20 MPa (800 °C), respectively. However, the elongation of the rotary swaged 226 specimen was lower than that of the hot bar rolled sample at 700-800 °C, as shown in Figure 12a . 
Conclusions
247
The hot bar rolling parameters of the Fe-6.5wt.% Si alloy were designed. The evolutions of the 248 microstructure, texture and ordered structure were investigated, and the mechanical property of the 249 Fe-6.5wt.% Si bars was studied. The following conclusions can be drawn:
250
(1) The Φ7.5 mm Fe-6.5wt.% Si bars with fine equiaxed grain were successfully fabricated through 251 three rolling stages: rough rolling (hexagon-square-oval-square) at 850-900 °C, medium rolling
252
(oval-square-oval-round) at 800-850 °C, and finish rolling (oval-square-oval-round) at 800-850
253
°C.
254
(2) During the hot bar rolling, the area fractions of the {100}<011> oriented grains and the {011}<100>
255
oriented grains decreased to 0, however, the {100}<001> component, the {011}<211> component 
